Using data from an ongoing mark-resight programme at Marion Island, we tested empirically whether southern elephant seals prefer certain terrestrial sites to others during the breeding, moulting and winter haulouts, and whether the pattern of site use is the same for different age and sex groups. Southern elephant seals preferred some sites, while discriminating against other sites, with different age and sex classes using different sites for certain haulout events. Wintering young animals did not show strong site selection. Some popular sites were used for all haulouts by all age and sex groups, and apparently have all the requirements of a good site for terrestrial haulout by southern elephant seals. Site selection becomes more apparent with age, suggesting the role of haulout experience in site selection.
INTRODUCTION
Southern elephant seals, Mirounga leonina, forage at sea and come to land for breeding, moulting, and resting (winter). Participation and timing of the different haulouts depend on the age, sex and social status of the animals (Hofmeyr 2000; Kirkman et al. 2001 Kirkman et al. , 2003 Kirkman et al. , 2004 . The haulout pattern of southern elephant seals at Marion Island shows a high degree of organization, with the peak haulout of different age classes at different times (Condy 1979) and overlap between haulout events at the population scale (Kirkman et al. 2003) . The elephant seal haulout sequence, characterized by a high degree of synchronization and annual regularity at Marion Island, is similar to that occurring at other elephant seals breeding grounds (Carrick et al. 1962; Condy 1979) .
The breeding season of southern elephant seals at Marion Island begins with the hauling out of bulls in mid-August for the establishment of territories (Condy 1979) . The pregnant cows follow early in September and they aggregate in groups called harems. The harems reach their maximum size around 15 October, when the number of adult females peaks with the maximum number of pups present about one week later (Condy 1979; Wilkinson 1992) . After parturition and three weeks of lactation, individually, females mate with the main bull and leave the harem for another feeding trip. The moult haulout is obligatory to all seals, except pups of the year, which commence moulting while still suckling. Timing of this haulout depends on age and sex, with yearlings of both sexes hauling out first from mid-November and remaining at moulting sites until late January. Subadults of both sexes and adult females haul out from mid-December to mid-March, and the adult males moult from late December to mid-April (Condy 1979) . The third and least understood haulout is the one that mostly young elephant seals of both sexes participate in, with occasional appearances by adults. It is called the resting, or winter haulout (Hofmeyr 2000; Kirkman et al. 2001) . For underyearlings and yearlings, participation in this event is similar for both sexes. Participation of older (subadult) animals depends more on sex than age because of the earlier reproductive maturity of females compared to males (Laws 1994; Bester & Wilkinson 1994; Pistorius et al. 2001) , with males more likely to haul out in winter .
The habitat of an animal varies with season and age and animals of different age groups might be found using different habitat during different seasons. Condy (1979) and Hofmeyr (2000) suggested that different age and sex classes of elephant seals prefer certain sites to others during the different haulouts at Marion Island. Elephant seals hauling out to moult and for the winter may also be seeking sites on the basis of characteristics that are not important for breeding seals (Hofmeyr 2000) . The grey seal (Twiss et al. 2000) and the Galapagos sea lion (Wolf et al. 2005) have shown differential site usage between sexes and age groups in relation to site physiognomy.
The extensive mark-recapture programme of elephant seals on Marion Island that started in 1983 (Bester 1988) has resulted in the accumulation of a large database on recapture records. This database allows the investigation of spatial use of the terrestrial environment by southern elephant seals. This is important as terrestrial habitat requirements of seals allow conservation authorities to identify potential areas of conflict between humans and seal populations (Bradshaw et al. 2001) , even on a local scale (Wilkinson & Bester 1988; Thompson et al. 2001) .
In this paper we quantitatively test the null hypotheses that (a) site preferences of southern elephant seals hauling out at Marion Island are the same for all terrestrial phases, and (b) site preferences do not vary between different age and sex classes.
METHODS

Study area
Marion Island (46°54'S, 37°45'E) is 290 km 2 in area, roughly oval in shape, measures 24 km from west to east and 14 km from north to south, and has a circumference of roughly 90 km (Wilkinson 1992) . Most of the island coastline is irregular in configuration and composed of sea-pounded cliffs up to 15 m high. Initial irregularities in these areas have been smoothed over time to produce wide, open bays with stony beaches along the base of the cliffs (Wilkinson 1992) . Beaches of an extremely rugged nature are characteristic of the exposed west coast, while the beaches on the leeward east coast are largely composed of pebbles, stones and rounded rocks (Wilkinson et al. 1987 ) with only two sandy beaches (Ship's Cove, MM065 in the east and Good Hope Bay, MM026 in the south). Elephant seals therefore have easy access to the terrestrial environment primarily on the east coast. The climate is basically oceanic, with modifications due to the topography of the island itself. A grid based on fractions of degrees (30 second intervals) of latitude and longitude was superimposed on the map of Marion Island (see Van Aarde 1979 ) to allow siting of the different beaches. The detailed description of beaches appears in Wilkinson et al. (1987) and includes the site code, beach name and grid block location. The main study area, on the east coast, was divided into 40 clearly-demarcated sites following Wilkinson et al. (1987) . Each of these sites received a code, MM for Marion Island, followed by a three-digit number ranging from 001 to 068 (Fig. 1) .
Database
The seal marking and resighting techniques used in this study are reported in full in Pistorius et al. (1999) . Essentially weaned elephant seal pups (underyearlings) were double tagged each year since 1983 with colour coded Jumbo Rototags (Dalton Supplies Ltd, Henly-on-Thames, U.K.) at their sites of birth. Different colour combinations were used for each year in order to differentiate the cohorts. Each individual seal received one of a pair of exclusively three-digit numbered tags in the interdigital webbing of each hind flipper. Over the 18 years 1983-2001 more than 9000 animals were marked and some 55 000 records of resights have been collected, forming the basis for the study.
Data collection
Tag resights during censuses were carried out every 10 days during the winter and the moult haulout between Storm Petrel Beach (MM051) and Kildalkey Beach (MM020) (Fig. 1) . During the breeding season haulout, censuses and tag resights were performed on a seven-day cycle on this section of coast. The south coast sites at Watertunnel Stream and Good Hope Bay East and West were censused once every 10-20 days during the winter and moult haulout and on a 7-14-day cycle during the breeding haulout. From 1983 to 1989, censuses and hence tag resights, took place only from August of one year to May of the next year, which means that the winter haulout went largely unrecorded during these years. Complete winter records are available from 1990 onwards. It was assumed that the intensity and efficiency of search efforts during the study period was consistent (Pistorius et al. 1999) and that once an animal hauled out for a particular season, it was assumed to have selected that site and have not been to other sites for that particular haulout (Hofmeyr 2000) , a reasonable assumption (Munyai 2006) .
Male elephant seals attain sexual maturity at the age of five and attain social maturity at the age of eight (Laws & Le Boeuf 1994) , but in the small Marion Island population they are able to hold harems as early as the age of six . The youngest females to give birth at Marion Island were three years old (Bester & Wilkinson 1994) , but any female between ages two and six that had not at any time been observed with a pup was considered subadult, with those that had been observed with pups considered adults, together with those that were seven years old and older that were fully recruited to the breeding population (Bester & Wilkinson 1994; Pistorius et al. 2001) .
Age and sex classifications of elephant seals at Marion Island followed Condy (1979) and are given below with class codes in brackets: Pups = young of both sexes before the first pelagic sojourn (00); Underyearlings = animals of both sexes under the age of one year (10); Yearlings = one-year-old animals of both sexes (20); Subadults = males two years and older but younger than six years (30); Females two years and older but below five years that have not been recorded with a pup during any breeding season (30); Adults = males over six years of age (40), females ≥5 years including all those that have been recorded with a pup during any breeding season (40). Bulls of age six that have been recorded present during the breeding season were considered adults (40) but the rest of six-year-old males were still considered subadults (30) following Kirkman et al. (2003) . For each beach visited on each occasion, and for each tagged animal found, the date, site code, tag The size of each dot corresponds with the mean number of pups born at each site over the study period and hence the popularity of the different sites.
colour combination (age), tag number, social status (the reason for the hauling out), and moulting stage (moulting progress) were recorded. The full suite of information collected during each census appears in Mulaudzi (2005) .
Data manipulation
The moulting season extends from one calendar year to another. To enable the pooling of all the moulting season data together, and to assign moulting animals to a particular year, the moulting season data from January-May of each year were backdated by one year, e.g. animals moulting from January-May 1987 became the moulters of 1986. Southern elephant seals at Marion Island are assumed to age a year on 15 October, the peak of the breeding season haulout (Wilkinson 1992) . For the ease of handling the data, a year was added to the age of all tagged seals at their first resighting during the breeding season, even if they were resighted before the peak of the breeding season haulout (15 October). This was done so that a breeding animal would have only one age during a particular breeding season.
All the data files from the various years were pooled. For each age class and particular haulout, frequencies of individual records for each of the 40 sites in the study area were calculated using the SAS 8.2 statistical package. To test for statistical significance in site preference, and for difference between male and female site choice, the standardized log-linear coefficient (z), was computed for each site from the frequency of records for that site. The log-linear coefficient (z) is considered as significant when |z| = 2.58. Where the log-linear coefficient (z) was ≥2.58, the site was preferred, and where z ≤ -2.58, the site was discriminated against. Where the z score was z ≥ 2.58 for males and z ≤ -2.58 for females and vice versa, then there is a difference between males and females in the use of the site, with a positive value indicating increased usage of the site over the others (Agresti 1990) .
RESULTS
During the study period almost all elephant seal terrestrial activities were restricted to the east coast of the island (with the exception of Watertunnel Beach (MM025) and Good Hope Bay (MM206) on the southern coast) where there are numerous popular sites for hauling out (Fig. 1) .
(a) Underyearlings: during the winter haulout, underyearling elephant seals showed preference for 17 sites scattered all over the main study area and discriminated against seven sites (Table 1) . There was no significant difference in site preference between male and female underyearlings during the winter haulout (P = 0.9100).
(b) Yearlings: during the moult haulout, yearling elephant seals showed some selection of sites, with 18 sites being preferred and 12 being disfavoured (P < 0.0001) ( Table 2 ). There was no significant difference in site preference between male and female yearlings during the moult haulout (P = 0.9700), but with significantly more females hauling out for the moult (M, z = -3.308; F, z = 3.308). The yearlings preferred 19 sites during the winter haulout, while eight sites were disfavoured (P < 0.0001) ( Table 2 ). Males and females preferred the same sites during the winter haulout (P = 0.4900), with significantly more females than males present during the winter (M, z = -3.051; F, z = 3.051 at P = 0.0200).
(c) Subadults: During the moult haulout, subadult elephant seals preferred 23 sites and 10 others were selected against (P < 0.0001) (Tables 2 & 3) . There was a significant sex difference in site preference during the moult haulout, with subadult males showing interest in two sites (MM020 and MM065), for which subadult females showed no interest (P = 0.0080) (Tables 2 & 3) . There was no significant difference between the numbers of subadult males and females in this sample (M, z = 1.272; F, z = -1.272) at P = 0.0003. Eighteen sites were favoured and 10 sites selected against during the winter haulout by subadult elephant seals (P < 0.0001) (Tables 2 & 3 ), but no difference in site preference between male and female subadults (P = 0.4400). There was significantly more males than females in the winter sample (M, z = 11.872; F, z = -11.872) (P < 0.0001) (d) Adults: during the breeding season haulout, adult elephant seals showed preference for certain sites over others, with 16 sites being favoured and 12 being selected against (P < 0.0001) (Tables 2 &  3) . There was a significant difference in site preference between the sexes during the breeding season haulout, with adult females showing preference for seven sites that adult males showed no preference for (P < 0.0001). There was a significant difference between the numbers of males and females used in this sample (M, z = -10.622; F, z = 10.622, P < 0.0001). Fourteen sites were favoured versus five sites being avoided during the moult haulout by adults (P < 0.0001) (Tables 2 & 3) . There was a significant difference in site preference between the sexes during the moult haulout, with adult males showing interest for two sites (MM002 and MM025) that adult females showed no preference for (P < 0.0001) (Tables 2 & 3) . There was a significant difference between the numbers of males and females used in this sample (M, z = -16.431; F, z = 16.431) (P < 0.0001).
DISCUSSION
Habitat selection is influenced by two types of factors, namely, physiological tolerance limits and choice factors (Miller & Harley 1996) . While some animals are influenced in their choice for a place to live by the physical environment, some are influenced by the densities of conspecifics.
Whatever the reasons, this study unequivocally showed that elephant seals prefer certain site to others for their terrestrial activities as there is almost no overlap between preferred sites and non-preferred sites for the different haulouts of elephant seals at Marion Island. Only one site (MM006) appeared amongst both the favoured sites and the non-preferred sites (Table 3) for different haulouts. About 50% of all the preferred sites were selected by all age groups and for all the haulouts, and about 50% of all non-preferred sites were discriminated against by all age groups and for all the haulouts.
Hofmeyr (2000), suggested that young elephant seals (underyearlings and yearlings) hauling out for the winter and the moult do not seek sites on the same basis as adult animals hauling out to breed. All that young seals appear to need is a beach that is accessible and flat (Hofmeyr 2000) , but older animals (subadults and adults) are expected to be more selective because of previous haulout experience. This was supported by our findings. Young animals appeared to be more generalists, using almost all the preferred sites for all the haulouts. Preference becomes more apparent with age. For adults, there were sites that were used significantly more for breeding and significantly less for moulting, while others were used exclusively for moulting. This suggests that to a degree, elephant seals use different sites for the different haulouts although some sites are used for all the haulout events.
Difference in site use between males and females was apparent in subadult and adult elephant seals only during the moulting season. The four sites (MM020 & MM065 and MM002 & MM025) that were preferred more by subadult and adult males than females of the same age classes have moult wallows at the back of the beach closer to shore compared to other beaches, but with beach type(s) difficult to negotiate from the shore. Carrick et al. (1962) also reported that adult male seals prefer moulting closer to shore because of their tendency of going into short feeding phases during the moult. However, a tendency to go on short feeding phases by adult males during the moult could not be confirmed in the present study. By contrast, during the breeding season, seven sites were preferred significantly more by females than by males. This difference can be explained by the elephant seals' polygynous breeding system (Laws 1956; Carrick et al. 1962) because the beaches where the difference in site selection was apparent were all main breeding beaches (present study).
It can be concluded that there is a differential site usage by southern elephant seals of different age and sex classes during the three different haulouts. The differential site use seems to depend on haulout experience, and thus age and hence familiarity with the island haulout sites. Pistorius et al. (2002) also suggested that animals participating in the winter haulout have higher natal site fidelity during all the subsequent haulouts, as opposed to those that do not.
Choosing a place to live does not necessarily imply a conscious choice, or that individuals make a critical evaluation of the entire constellation of factors confronting them. Often the choice is an innate reaction to certain aspects of the environ- Underyearlings n/a n/a n/a n/a 17 7
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